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Four aglycons (tomatidine, demissidine, solanidine, and solasodine) and three glycoalkaloids 
(cx-tomatine, ol-chaconine, and a-solanine) have been analyzed by positive ion liquid sec- 
ondary ion high-energy and low-energy collision-induced dissociation (CID) tandem mass 
spectrometry, performed on a four-sector (EBEB) and a hybrid (EBQQ) instrument, respec- 
tively. Both high- and low-energy collision-induced dissociation mass spectra of [M + H]+ 
ions of these compounds provided structural information that aided the characterization of 
the different aglycons and of the carbohydrate sequence and linkage sites in the glycoalka- 
loids. Low-energy CID favors charge-driven fragmentation of the aglycon rings, whilst 
high-energy CID spectra are more complex and contain additional ions that appear to result 
from charge-remote fragmentations, multiple cleavages, or complex charge-driven rearrange- 
ments. With respect to the structural characterization of the carbohydrate part, low-energy 
CID fragmentations of sugar residues in the glycoalkaloids generate Y,: ions and some low 
intensity Zi ions; the high-energy spectra also exhibit strong lS5Xi ions, formed by multiple 
cleavage of the sugar ring, and significant Z,, + ions. (J Am Sot Mass Spectronz 1996, 7, 173-181) 
M ass spectrometry is playing an increasingly important role in the structural analysis of complex biomolecules. Tandem mass spec- 
trometry has demonstrable advantages over conven- 
tional mass spectrometry in the structural analysis of 
saponins and related compounds [l-3]. The fragmen- 
tation modes of a range of glycoalkaloids, isolated 
from potato shoots and green tomatoes, have been 
determined recently by positive and negative liquid 
secondary ion four-sector tandem mass spectrometry 
with scanning-array detection [4, 51. Considerable 
structural information, which includes the nature of 
various aglycons and the linkage and position of sug- 
ars in the glycoalkaloids was elucidated from the tan- 
dem mass spectra of the [M + H]+ and [M - HI- ions 
of these compounds. 
Most reported collision-induced dissociation (CID) 
studies of steroid derivatives have concentrated on bile 
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salts and steroid conjugates (sulfates and glu- 
curonides) and have been conducted on [M + Na]+ 
and [M - HI- ions, which contain a stable charge site. 
The successful application of high-energy CID to the 
structural analysis of bile acids first was described by 
Liehr et al. [6]. These authors examined the [M + Na]+ 
ions of isomeric bile salts, which had a polar side chain 
that contained taurine or glycine at C17, by 
CID/mass-analyzed ion kinetic energy spectroscopy 
and recorded structurally informative charge-remote 
fragmentations in the A, B, C, and D rings. Tomer and 
Gross [7] studied a series of steroid conjugates (sulfates 
and glucuronides) and bile salts and concluded that 
CID of the [M - HI- ions of steroid glucuronides 
resulted in charge-driven reactions, whereas CID of 
the [M - HI- ions of sulfates and bile salts generated 
charge-remote fragmentations. Griffiths et al. [8, 91 
examined the charge-remote fragmentation patterns of 
[M - H]- ions of sulfated and glucuronidated bile 
acids and their amino-sulfonic acid derivatives in de- 
tail and showed that taurine-conjugated bile acids 
yielded more intense and informative CID spectra than 
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unconjugated bile acids and that 3-, 7-, and 12- 
sulfonyl&olate isomers could be differentiated by 
recording the fast-atom bombardment-collision-in- 
duced dissociation (FAB/CID) spectra of their deriva- 
tized and underivatized forms. Low-energy CID spec- 
tra of [M - HI- ions of bile salts, which were formed 
by fast-atom bombardment (FAB) or thermospray ion- 
ization, were reported by Libert et al. [lo] and Eckers 
et al. [ll], respectively. It is interesting to note that 
fragmentation reactions that yield abundant product 
ions are found to occur in the B ring in the case of 
unsaturation at C4 or the presence of a hydroxyl group 
at C7. Product ions with low abundances, which corre- 
spond to fragmentation in the C and D rings, also are 
present in the low-energy CID spectra of FAB-gener- 
ated [M - HI- ions [lo]. Wood et al. [121 recorded 
B/E linked scan spectra of the unimolecular decompo- 
sitions of [M + Na]+ ions of glycine- and taurine-con- 
jugated bile acids and reported B- and C-ring cleav- 
ages if a hydroxyl group was present at C7 or C8 and 
C12, respectively. In a very recent study, de Hoffmann 
and co-workers [131 examined the low-energy CID 
fragmentation of tauro-conjugated bile acid anions in 
detail and established that the low-energy dissocia- 
tions result from two general mechanisms: charge- 
driven and charge-remote fragmentations. Charge- 
driven fragmentations were found to dominate the 
spectra of saturated ring compounds. These reactions 
resulted in the loss of parts of the side chain as neutral 
species and yielded useful information on structural 
isomers. Charge-remote fragmentations were found to 
be more intense in the presence of umsaturation and 
also provided information on the positions of unsatu- 
ration or of hydroxy or keto groups in the rings. 
Tandem mass spectrometry of protonated molecules 
formed by positive chemical ionization of anabolic 
steroids yields ring B fragmentations of sufficient in- 
tensity to be useful in the analysis of these molecules 
in biological fluids [ 141. A combination of high-energy 
collision-induced dissociation (CID) tandem mass 
spectrometry and i3C-labeling recently has been used 
to determine the positions of conjugation of bile acids 
with glucose and N-acetylglucosamine [15]. The low- 
energy CID and unimolecular decomposition studies 
discussed in the preceding text indicate that high-en- 
ergy collisional activation is not absolutely necessary 
for the formation of structurally informative fragment 
ions from the steroid nucleus. 
In this study we have compared low- and high- 
energy CID spectra of the [M + HI+ ions of the 
N-containing steroids tomatidine, solasodine, demissi- 
dine, ,and solanidine and of the glycoalkaloids c1- 
tomatine, cx-chaconine, and ol-solanine to determine to 
what extent low- and high-energy CID can provide 
information on the structures of aglycon and carbohy- 
drate moieties. The low-energy CID spectra also were 
inspected in an effort to define which particular frag- 
mentations, among the many typically observed dur- 
ing high-energy CID, also can be induced by low- 
energy collisions. 
Experimental 
Materials 
Aglycon standards, which include tomatidine, demis- 
sidine, solanidine, and solasodine, and cr-tomatine 
were obtained from Sigma Chemical Co. (Poole, Dorset, 
UK). ol-Chaconine and ol-solanine were purified from a 
crude sample by chromatography as described previ- 
ously [ 161. 
Mass Spectrometry 
Low-energy CID spectra of [M + HI+ ions of the sam- 
ples were obtained on a VG’IOSEQ hybrid instrument 
(Fisons Analytical, Manchester, UK). Cesium ions with 
a translational energy of 18 keV and a beam flux of 0.3 
FA were used as the ionization beam. The accelerating 
voltage in the source was 8 kV. Precursor ions were 
mass-selected with a resolution of approximately 1000 
by using the double-focusing electric-magnetic sector 
(EB) part of the instrument. CID was performed in the 
quadrupole collision cell with argon as collision gas at 
a pressure of approximately 5 x 10e6 mbar (measured 
in the quadrupole housing) and at a collision energy of 
50 eV or lower. The instrument was tuned for maxi- 
mum transmission of the precursor ions. The product 
ion spectra were obtained in the continuum acquisition 
mode with accumulation of lo-20 scans at unit resolu- 
tion of the quadrupole mass analyzer. 
High-energy CID of [M + H]+ ions was performed 
on a CONCEPT II HH four-sector mass spectrometer 
(Kratos Analytical, Manchester, UK), equipped with a 
liquid secondary ion source and a scanning-array de- 
tection system 151. The translational energy of the ce- 
sium ions was 15 keV. The mass spectrometer was 
operated at 8-kV accelerating voltage. All parameters 
were controlled by a Kratos MACH 3 system. Tandem 
mass spectrometry was conducted by using the first 
two sectors (ElBl), which comprise MS-l, to select a 
precursor ion and the second two sectors (E,B,), which 
comprise MS-2, to analyze the product ions. Precursor 
ions were mass-selected at a resolution of 1000 to 
separate the “C peak in the isotope cluster of the 
precursor ions. CID of the precursor ions was carried 
out in a flexicell, which was floated at a potential of 4 
kV relative to Earth. Helium (Air Products, East 
Rutherford, NJ) was used as the collision gas at a 
pressure sufficient to attenuate the precursor ion beam 
by approximately 70%. 3-Nitrobenzyl alcohol was se- 
lected as the liquid matrix because intense [M + H]+ 
signals were obtained for both the aglycons and the 
glycoalkaloids. The product ion spectra were obtained 
with l-2-pg sample quantities. 
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Results and Discussion +H -I+ 
The low- and high-energy CID spectra of the [M + HI+ 
ions of the aglycons tomatidine, solasodine, demissi- 
dine, and solanidine and the glycoalkaloids ol-toma- 
tine, a-chaconine, and a-solanine are shown in Figures 
1-7 respectively. The fragmentation reactions of these 
molecules are discussed individually in subsequent 
text. Low-energy CID spectra were obtained using 
argon as the collision gas at an energy of 50 eV (labora- 
tory frame) or lower, whilst high-energy CID spectra 
were recorded with helium at an energy of 4 keV 
(laboratory frame), conditions which correspond to 
maximum energies ( E,, values) of 2-4.5 and 16-40 eV 
for low- and high-energy CID, respectively. 
+Hl/1!24 1-H) 
I-W,0 + HI1 
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Scheme I. Low-energy CID fragmentations of tomatidine. 
related alkaloid that contains unsaturation at C5 (see 
following text), in which the base peak was at m/z 
114. The ions at m/z 273 can be interpreted as arising 
from E-ring fragmentation; a plausible pathway that 
gives rise to resonance-stabilized allylic ions is shown 
in Scheme II. The ions at m/z 255 may be formed by 
loss of water from the m/z 273 ions, as well as by 
fragmentation of [M + H - H,O]’ ions (m/z 398). A 
product ion spectrum (not shown) obtained by selec- 
tion of m/z 398 ions as precursor indeed showed that 
m/z 255 can be formed directly from m/z 398. The 
ions at m/z 161 and 147 can be rationalized as the 
result of water loss and multiple cleavages in the C 
ring. A plausible charge-driven mechanism, which in- 
volves the generation of resonance-stabilized alIylic 
ions, is suggested in Scheme II. 
Toma tidine 
Fragmentations observed in the low-energy CID spec- 
trum of tomatidine [M + HI+ ions (Figure la) are 
summarized in Scheme I. The ions at m/z 70 (not 
recorded in the high-energy spectrum) correspond for- 
mally to [C,H,N]+ and result from fragmentation in 
the N-containing ring. The ions at m/z 114 and 126/124 
can be rationalized by invoking multiple cleavages in 
the E ring. Note that ions at m/z 114 also are formed 
during electron ionization (EI): Budzikiewicz [17] re- 
ported an EI spectrum of solasodine, a structurally 
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Figure 1. (a) Low-energy and fb) High-energy CID spectra of 
protonated molecules of tomatidine. The molecule ion region of 
the (first-order) FAB spectrum (measured with the hybrid instru- 
ment) is shown in the insert of the low-energy CID spectrum (a). 
The high-energy CID fragmentations observed with 
the four-sector instrument (Figure lb) are summarized 
in Scheme III. The ions at m/z 344, 330, and 138 
appear to be characteristic of high-energy CID pro 
cesses, because they are absent from the low-energy 
spectrum. The ions at m/z 344 can be interpreted in a 
straightforward manner as the result of charge-remote 
fragmentation in the A ring. The ions at m/t 330 and 
138 are more difficult to rationalize and may involve 
multiple cleavages in neighboring rings and complex 
rearrangements at C5 and C17, respectively. It is no- 
table that the ions at m/z 330 could not be detected in 
Scheme II. Mechanisms that rationalize the formation of N~/Z 
273 and 161 in the CID spectrum of tomatidine. 
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Scheme III. High-energy CID fragmentations of tomatidine. 
a CID spectrum obtained through linked scanning at 
constant B/E on the hybrid tandem mass spectrometer 
following 8-kV collisions with helium in the first 
field-free region (CID spectrum not shown). It is worth 
noting that m/z 138 ions are also formed with high 
abundance by EI of solasodine [ 171. High-energy prod- 
uct ions, which correspond to loss of CH,, of two 
molecules of CH,, and combined loss of CH, and 
water, respectively, also are present at m/z 400, 384, 
and 382. The elimination of CH, can be rationalized as 
a charge-remote fragmentation that involves the angu- 
lar methyl groups at Cl0 and/or C13, probably pre- 
ceded by ring rupture. 
Comparison of the high- and low-energy CID spec- 
tra reveals that the product ions at m/z 114, 126/124, 
and 147 formed by low-energy processes are relatively 
more abundant in the high-energy CID spectrum than 
in the low-energy spectrum. 
Solasodine 
The low- and high-energy fragmentations observed in 
the CID spectrum of the [M + HI+ ions of solasodine 
(Figure 2a and b, respectively) are summarized in 
Schemes IV and V, respectively. Ions 2 u lower than 
ions in the CID spectra of tomatidine are present at 
m/z 396, 271, 253, and 159 in the low-energy spec- 
trum. In addition, the low-energy CID spectrum shows 
relatively abundant ions in the low-mass region at 
m/z 175, 157, 133, 121,99, and 70. There are no ions at 
m/z 161, presumably because the double bond be- 
tween C5 and C6 in the B ring of solasodine precludes 
their formation. The absence of these ions lends indi- 
rect support to the proposed fragmentation schemes (I 
and II) of the m/z 161 ions generated from the [M + 
H]+ ions of tomatidine. 
High-energy product ions 2 u lower than ions in the 
CID spectrum of the [M + H]+ ions of tomatidine are 
found at m/z 398, 380, 342, and 328. In the low-mass 
region, the product ions at m/z 138 (also seen in 
tomatidine) characteristic of high-energy CID and the 
product ions at m/z 126/124 formed at low collision 
energies are clearly discernible. Both the high- and 
low-energy CID spectra suggest that the origins of the 
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Figure 2. (a) Low-energy and (b) High-energy CID spectra of 
protonated molecules of solasodine. The molecule ion region of 
the (first-order) FAB spectrum (measured with the hybrid instru- 
ment) is shown in the insert of the low-energy CID spectrum (al. 
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Scheme IV. Low-energy CID fragmentations of solasodine. 
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Scheme V. High-energy CID fragmentations of solasodine. 
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ions in the low-mass region are quite complex and no 
attempt was made to explain all the ions in this region. 
Demissidine 
The low-energy fragmentations observed in the CID 
spectrum (Figure 3a) of the [M + HI+ ions of demissi- 
dine are summarized in Scheme VI. A major fragmen- 
tation results in the formation of ions at m/z 98 that 
may be explained by multiple cleavages in the E ring. 
The relative abundances of the ions at m/z 150/151 
and at 204/205 were found to be strongly dependent 
on the collisional activation conditions: their intensities 
decreased significantly when the collision energy was 
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Figure 3. (a) 10 eV and fb) 50 eV low-energy and (cl high- 
energy CID spectra of protonated molecules of demissidine. The 
molecule ion region of the (first-order) FAB spectrum (measured 
with the hybrid instrument) is shown in the insert of the low- 
energy CID spectrum (a). 
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Scheme VI. Low-energy CID fragmentations of demissidine (0) 
and solanidine ( * ) (where the structure of the latter incorporates 
a As-double bond). 
increased to 50 eV. Figure 3b demonstrates the effects 
of increased collision energy on the low-energy CID 
spectrum of the [M + HI+ ions of demissidine. Com- 
parison of Figures 3a and b shows that the ions at m/z 
150/151 and 204/205 are most abundant following 
very low-energy collisional activation (10 eV in the 
laboratory frame), conditions under which hydrogen 
rearrangements would be most likely to occur. The 
ions at m/z 150 and 204 observed during high-energy 
CID (Figure 3~) are probably formed via a different 
fragmentation pathway. The formation of the ions at 
m/z 150 and 151 can be rationalized by multiple 
cleavages in the D ring. Following hydrogen rear- 
rangement that induces cleavage of the C15-Cl6 bond, 
allylic cleavage of the C13-Cl7 bond may occur, which 
yields resonance-stabilized odd-electron ions at m/z 
151. It is significant that charge-remote allylic cleav- 
ages in unsaturated steroid rings of tauro-conjugated 
bile acid anions have been characterized as low-energy 
CID processes 1131. If allylic cleavages can occur re- 
mote from the charge, it is reasonable to assume that 
they also may occur proximate to the charge. The ions 
at m/z 150 may be rationalized by a double hydrogen 
rearrangement or by loss of H’ from the ions at m/z 
151. Although both mechanisms are illustrated in 
Scheme VII, the observation that the ion intensity ratio 
[m/z 150]/[ m/t 1511 was found to be independent of 
the collision energy can be interpreted asi evidence 
against the ions at m/z 151 being precursors of the 
ions at m/z 150. It is notable that ions at m/t 151 
were not observed in the high-energy CID spectrum. 
13C contributions from M+’ ions that are formed in the 
3-nitrobenzyl alcohol matrix and are sampled together 
with [M + HI+ ions cannot be excluded because of the 
significant relative abundance of the M+’ ions (ion 
intensity ratio [M+‘]/[M + HI+= 9/10). However, in 
that case it is hard to explain the effect of the collision 
energy, more specifically, the absence of the ions at 
m/z 151 and 205 (vide infra) at high-energy CID. The 
common mass difference of 1 u for the ions at m/z 
150/151 and 204/205 might suggest similar fragmen- 
tation pathways. Plausible mechanisms, which involve 
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Scheme VII. Mechanisms that rationalize the formation of III/Z 
150/151 and 204/205 in the low-energy CID spectrum of demis- 
sidine. 
hydrogen rearrangement(s) and multiple cleavages in 
the C and D rings, are proposed in Scheme VII. It is 
again noteworthy that the odd-electron ions at m/z 
205 are absent from the high-energy CID spectrum. 
Ions at m/z 150 and 204 have been reported also to 
occur with high abundance in the EI spectrum of 
solanidine [17], which only differs from demissidine 
by the presence of a C5-C6 double bond in the former, 
and in the EI spectra of solanidine N-oxides [18]. The 
formation of the low-energy CID product ions at m/z 
126 and 161, present at low abundances following 
higher-energy (50 eV laboratory frame) collisional acti- 
vation, are also rationalized in Scheme VI. The minor 
low-energy CID product ions in the upper mass region 
at m/z 385 and 383 correspond to the loss of CH, and 
the combined loss of CH; and H,, respectively, and 
may be interpreted by charge-proximate fragmentation 
in the N-containing E/F-ring system. Loss of CH; 
from the M+’ ions has been observed in the EI spec- 
trum of solanidine [17]. Here again, i3C contributions 
from M+’ ions which are sampled together with [M + 
HI+ ions cannot be excluded. With respect to the loss 
of CH; radicals from [M + H]+ ions, it is worth 
mention that this unusual transition from even- to 
odd-electron ions has been reported for methylated 
flavonoid aglycons 1191. 
Fragmentations in the high-energy CID spectrum of 
the [M + HI+ ions of demissidine (Figure 3~) are ratio- 
nalized in Scheme VIII. Most of these fragmentations 
can be interpreted as arising through charge-remote 
reactions that involve multiple cleavages in the A, B, 
HW 
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328. c L SSB?+H) 354* 
340’ C-H) 
MO* (+H) 
Scheme VIII. High-energy CID fragmentations of demissidine 
(0) and solanidine (* ) (where the structure of the latter incorpe 
rates a As-double bond). 
or C rings, together with CH, loss, which most proba- 
bly involves the angular methyl groups. The ions at 
UZ/Z 136 may be explained by a charge-proximate 
fragmentation with multiple cleavages in the D ring, 
loss of CH; from Cl8 and further elimination of H: 
The ions at m/z 370 correspond to the combined loss 
of two CH;, possibly the methyl groups at Cl3 and 
C18. 
Solanidirze 
Fragmentations observed in the low-energy CID spec- 
trum of the [M + HI + ions of solanidine (Figure 4a) 
appear to be essentially similar to those found for 
demissidine (Schemes VI and VII). An increase in the 
collision energy from 10 to 50 eV (Figure 4b1 resulted 
in a significant reduction in the abundances of the ions 
at m/z 150/151 and 204/205 and the appearance of 
ions with low abundance at m/z 126, 342, 370, 381, 
and 383. The ions at nr/z 383 and 381 correspond to 
the loss of CH; and the combined loss of CH; and H,, 
respectively, and parallel similar fragmentations of the 
[M + HI+ ions of demissidine, which yield the ions at 
m/z 385 and 383 (see above). The ions at m/z 370 and 
342 are consistent with the loss of C,H, and C,H,, 
respectively, and may be interpreted by invoking frag- 
mentation in the N-containing F-ring system, as de- 
scribed in Scheme VI. 
The high-energy CID spectrum of the [M + H]+ 
ions of solanidine (Figure 4~1 is also rationalized in 
Scheme VIII and contains fragmentation processes 
analogous to those of demissidine. 
cw-Tomatine 
Glycosidic and glycoside-aglycon cleavages discussed 
in the following text are assigned by using the nomen- 
clature of Domon and Costello [20]. Fragmentations 
observed in the low-energy CID spectrum (Figure 5a) 
of the [M + H]+ ions of a-tomatine are summarized 
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Figure 4. (a) 10 eV and (b) 50 eV low-energy and (c) high- 
energy CID spectra of protonated molecules of solanidine. The 
molecule ion region of the (first-order) FAB spectrum (measured 
with the hybrid instrument) is shown in the insert of the low- 
energy CID spectrum (a). 
in Scheme IX. A major fragmentation is the loss of 
water to give ions at m/z 1016. This fragmentation 
probably arises through a rearrangement process in 
ring E, rather than by decomposition of the carbohy- 
drate moiety, because loss of water is not observed in 
the low-energy CID spectra of the [M + HI+ ions of 
a-chaconine and ol-solanine. Ions typical of the aglycon 
moiety (already discussed) are present at m/z 416 
(Yi), 398, 273 and 255. The ions at ?n/z 380 corre- 
spond to [Y,‘-(2 x H,O)l and may be formed from 
the [M + H - H,Ol’ ions (m/z 1016). Ions also are 
present in the low-mass region at m/z 163, 145, 133, 
126/124, and 115. The ions at m/z 163 and 133 corre- 
spond to B: ions and are characteristic of terminal 
hexose and pentose residues, respectively. The ions at 
m/z 145 and 115 may arise by loss of water from the 
b m 
4’ 
brl 
+ 
II’ 
‘ 
Figure 5. (a) Low-energy and (b) high-energy CID spectra of 
protonated molecules of a-tomatine. The molecule ion region of 
the (first-order) FAB spectrum (measured with the hybrid instru- 
ment) is shown in the insert of the low-energy CID spectrum (a). 
ions at m/z 163 and 133, respectively. The ions at m/z 
126/124 are characteristic of the aglycon moiety and 
already have been rationalized in Scheme I. The low- 
energy CID spectrum shows a clear series of Y,’ ions 
at W/Z 902 (Y&l, 872 (Y,‘,), 578 (Y:), and 416 (Y,‘), 
which are fully consistent with the carbohydrate se- 
quence. 
Loss of water is not a major fragmentation in the 
corresponding high-energy CID spectrum (Figure 5b), 
which contains, in addition to the ions already de- 
scribed in the low-energy spectrum, prominent frag- 
ment ions (Scheme X) at m/z 930 (1’5X2a), 900 (1’5X2a), 
884 (Z,,), 854 (Z,,), 706 (Z2a,2p + 2H), 606 (“5x,), 
560 (Z,>, 444 (‘*5X,), and 161 (probable aglycon frag- 
ment). These ions indicate that fragmentation of the 
sugar rings and of the interglycosidic bonds proximal 
to the aglycon moiety are high-energy processes. 
+iil 
Scheme IX. Low-energy CID fragmentations of a-tomatine. 
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Scheme X. High-energy CID fragmentations of ‘u-tomatine. 
a-Chaconine and ol-Solanine 
These two glycoalkaloids have similar structures and 
fragmentation patterns and are discussed together. 
Fragmentations observed in the low-energy CID spec- 
trum of a-solanine (Figure 6a) are rationalized in 
Scheme XI. Ions present at m/z 837 and 853 in the 
low-energy CID spectrum of the [M -I- HI+ ions of 
cx-chaconine (Figure 7a) and a-solanine, respectively, 
are formed by the loss of CH; , a fragmentation char- 
acteristic of the aglycon moiety. The lower-mass re- 
gions exhibit typical distinct aglycon ions at m/z 98, 
150, and 204. The ions at m/z 150 and 204 may be 
rationalized by the double hydrogen rearrangement 
process described above (Scheme VII>. The low-energy 
CID spectrum of the [M + HI+ ions of ol-chaconine 
also exhibits sequence-related Y,: ions at m/z 706 
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Figure 6. (a) Low-energy and fb) high-energy CID spectra of 
protonated molecules of a-solanine. The molecule ion region of 
the (first-order) FAB spectrum (measured with the hybrid instru- 
ment) is shown in the insert of the low-energy CID spectrum (a). 
no 0” 
u- CH3 
OH on 
Scheme XI. Low-energy CID fragmentations of a-solanine. 
(Y:) and 398 (Yz), as well as low-abundance Zz ions 
at m/z 688 (Z:) and 380 (Z,‘). CID of the [M + HI+ 
ions of a-solanine generates Y,+ ions at m/z 722 <Y,>> 
and 706 <Yi:), which correspond to the loss of terminal 
rhamnose and galactose residues, respectively. Ions 
observed at m/z 526 are formed by the loss of the two 
terminal sugar residues (Scheme XI). 
The high-energy CID spectra of the [M + HI+ ions 
of a-solanine (Figure 6b) exhibit prominent ions result- 
ing from fragmentation processes (Scheme XII) at m/z 
750 (1’5X1B), 734 (1’5X,,,), 704 (Z,,), 688 (Z,,), and 426 
(iT5X,). a-Chaconine (Figure 7b) exhibits ions formed 
a 
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80 
80 
( 
Figure 7. (a) Low-energy and fb) high-energy CID spectra of 
protonated molecules of a-chaconine. The molecule ion region of 
the (first-order) FAB spectrum (measured with the hybrid instru- 
ment) is shown in the insert of the low-energy CID spectrum (a). 
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Scheme XII. High-energy CID fragmentations of a-solanine. 
by high-energy processes at m/z 734 (ls5X,, and 
‘*‘X1 p ), 704 (‘P5X, -HCHO and ‘*‘XI a-HCHO), and 426 
(“‘X0), in addition to those ions previously discussed 
in the low-energy spectrum. The additional ions add 
support to the hypothesis (see the preceding discus- 
sion of a-tomatine) that cleavage across the sugar 
rings is a high-energy process. Cleavage at the inter- 
glycosidic bonds proximal to the aglycon is again more 
prominent in the high-energy spectrum. 
Conclusions 
The low- and high-energy CID spectra of [M + H]+ 
ions of glycoalkaloids and aglycons contain a wealth of 
information, which includes the mass of the aglycons, 
the carbohydrate sequence and linkage sites, and ions 
characteristic of different structural features in the 
aglycon moieties. Low-energy CID favors charge- 
driven fragmentation of the aglycon rings, whilst 
high-energy CID spectra are more complex and con- 
tain additional ions that appear to result from charge- 
remote fragmentations, multiple cleavages, or complex 
charge-driven rearrangements. Low-energy CID frag- 
mentations of sugar residues in the glycoalkaloids gen- 
erate Y,: ions and some low intensity Zl ions; the 
high-energy spectra also exhibit strong 1*5Xz ions, 
formed by multiple cleavage of the sugar ring, and 
significant Zz ions. These data indicate that charge- 
remote multiple cleavage processes are promoted by 
high-energy CID. The Zi ions, which are also formed 
by low-energy CID and which appear to be formed by 
a simple cleavage reaction accompanied by a single H 
loss, may result from a rearrangement process, as has 
been demonstrated in the case of Zz ions formed upon 
low-energy CID of protonated flavonoid 0-glycosides 
m. 
It should be pointed out that the mass spectrometric 
methods described in this study alone are not suffi- 
cient to elucidate the complete chemical structures 
of unknown glycoalkaloids; more specifically, NMR 
spectroscopic and chemical methods are required to 
determine specific carbohydrate residues, substitution 
positions on both carbohydrates and aglycon, and 
structural details of the aglycon. However, the integra- 
tion of modem tandem mass spectrometric techniques 
with advanced NMR techniques is of significant power 
and can greatly facilitate the structure elucidation of 
complex glycoconjugates such as glycoalkaloids and 
saponins. Structure elucidation by NMR techniques 
requires sample amounts that are at least a hundred- 
fold higher than for tandem mass spectrometry; thus, 
in cases where the sample is limited, tandem mass 
spectrometry, especially in combination with sensitive 
photodiode array detection, is indicated to obtain par- 
tial chemical structure information. 
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